Electrostatic interactions of calf thymus DNA (ct-DNA) with a positive charged polymer were investigated based on measurements of enhanced resonance light scattering (RLS) signals, and were proved by scanning electron microscopy (SEM). The optimal pH value was 7.0 in a phosphate-buffered saline solution (PBS) and the maximum RLS peak located at 344.8 nm. The RLS signal enhancement (DIRLS) could be linearly correlated with the concentration of ct-DNA in the range of 0.0900 to 2.70 mg mL -1 , and the detection limit (S/N = 3) was 17.0 ng mL -1 . The binding ratio and the binding constant between DNA and polymer were also provided.
Introduction
In recent years, a resonance light scattering (RLS) technique has been widely applied in analytical studies. As an analytical technique, RLS is promising and attractive due to its distinct advantages of high sensitivity, convenient operation, simplicity and inexpensive reagents and speediness. Since Pasternack 1, 2 first detected assemblies of porphyrin on DNA by the RLS technique, this technique can be used for the quantification of nucleic acids, [3] [4] [5] [6] proteins, 7 pharmaceutical drugs, 8 metal ions, 9 surfactants, 10 sugars, 11 and so on. There is substantial and growing interest in using conjugated polymers (CPs) as the responsive basis for chemical and biological detection schemes. 12 The linear backbone of the CPs consists of a large number of chromic repeat units, so energy transfer in the whole backbone results in a big amplification of the fluorescence intensity. 13 Thus, they were always used as energy donors in fluorescence resonance energy transfer (FRET). [14] [15] [16] However, its application is restricted by some unfavorable factors, such as limited categories and complicated synthetic methods. Herein we used a positive-charged polymer (quaternized poly(4-vinyl-N-ethyl)pyridinium, PVP-C2H5Br; Fig. 1 displays the molecular structure) in detecting calf thymus DNA (ct-DNA). The positive-charged polymer can react with the negative-charged ctDNA through electrostatic interaction, forming a binary polymer-DNA complex, showing a great enhancement of the RLS signals.
Experimental

Apparatus
RLS spectra were obtained using a Hitachi F-4500 fluorescence spectrophotometer (Tokyo, Japan), and scanning electron microscopy (SEM) images were obtained by using an S-4800 scanning electron microscope (Tokyo, Japan). A pHS-4C digital pH meter (Chengdu, China) was used to detect the pH values of aqueous solutions, and an XH-C vortex mixer (Jiangsu, China) was used to blend the mixture.
Materials
The positive charged polymer (Mr = 34 kD) we used was a gift kindly provided by Dr. Chang-Hua Liu (College of Chemistry and Chemical Engineering, Southwest University), 21.6 mg mL -1 , calf thymus DNA (ct-DNA, Sino-American Biotechnology Co.), 90.0 mg mL -1 ; its concentration was determined according to the absorbance values at 260.0 nm after establishing that the ratio A260/A280 was in the range 1.80 -1.90 for DNA. 17 All of these stocks should be stored at 4˚C. A PBS buffer solution (pH 7.0) was used to control the acidity of the system. All other chemicals were of analytical grade, and used as received. Ultrapure water was prepared with a Milli-Q pure system (18.2 MW) and used throughout.
Procedure
A PBS buffer (0.2 mL) was added into a 5.0-mL flask, then 0.2 mL NaCl, 0.2 mL polymer and an appropriate volume of DNA solution according to the concentration needed were subsequently added. The mixture was diluted to 2 mL with water and mixed thoroughly. After being kept still for 15 min, the mixture was transferred for RLS measurements. All RLS spectra were obtained by scanning simultaneously the excitation and emission monochromators with Dl = 0 nm from 200.0 to 700.0 nm; the maximum RLS peak occurred at 344.8 nm.
Results and Discussion
Interaction of positive charged polymer and ct-DNA Figure 2 shows the RLS spectra of the interaction of a positive-charged polymer with ct-DNA in pH 7.0 PBS. Both the polymer and ct-DNA alone show weak RLS signals. After ct-DNA was mixed with the polymer, a strong RLS signal in the region of 200 -700 nm could be recorded, indicating that the interaction between the polymer and ct-DNA had occurred.
SEM images (Fig. 3) of the polymer and polymer-DNA also showed that the enhanced light-scattering signals might be attributed to the formation of polymer-DNA complexes. Furthermore, the enhanced RLS intensities of a polymer-DNA system were in good proportion to the concentration of DNA at 344.8 nm.
It was proposed that some molecules can bind to DNA through three modes: 18, 19 electrostatic interaction, binding against the minor groove and partial intercalation into the DNA base stack from the major groove side. Our polymer, which was highly positive charged, could react with the negative-charged DNA through an electrostatic interaction, which showed a great enhancement in the RLS signals.
Optimization of the general procedures
It was found that the order of the addition of the reactants has scarcely any effect on the reaction. In this work, the addition order of the reagents was selected as follows: buffer solutionpolymer-nucleic acid. The interaction of the polymer and DNA was completed within 15 min, and the enhanced RLS signals could remain stable for 1 h. Figure 4 exhibits the effects of the pH values on the DIRLS signals of the polymer-DNA system. The DIRLS signals reached the maximum value when the pH of the sample solution was 7.0, so we chose a neutral condition of pH 7.0 for further work.
It was found that the polymer concentration obviously affected the DIRLS signals of the system, as shown in Fig. 5 . With an increase of the polymer concentration, more and more binary of polymer-DNA was generated, showing a great enhancement on the DIRLS signals, but when the concentration of polymer was , the DIRLS signals decreased. Thus, 2.16 mg mL -1 -polymer was favorable. NaCl solution was used to adjust the ionic strength. Na + can decrease the electrostatic repulsion between the phosphate backbones on adjacent nucleotides, but a high concentration of Na + led to a dissociation of the polymer-DNA complex, which decreased the total signal. 20 The effect of the ionic strength on the RLS intensity of the polymer-DNA complex is shown in Fig. 6 . With increasing the NaCl concentration, the RLS intensity of polymer remained constant, whereas the RLS intensity of the complex decreased with increasing the ionic strength over 0.0300 mol L -1 . Thus, 0.0300 mol L -1 NaCl was chosen.
Calibration curve
According to above general procedure, under the optimum conditions, the dependence of DIRLS on the concentration of DNA was determined (Fig. 7) . There exists a good linear relationship between DIRLS and the concentration of ct-DNA at 344.8 nm in the range of 0.0900 -2.70 mg mL -1 , with the limit of determination (LOD) being 17.0 ng mL -1 , and a correlation coefficient being 0.995; the linear equation is DI = 80.31 + 2312C(DNA).
Binding ratio and binding constant between DNA and the polymer
The binding ratio between the polymer and DNA was measured. The RLS intensity reached to a plateau when the concentrations of the polymer and the DNA were 2.16 and 2.70 mg mL -1 , respectively (see Figs. 5 and 7) . The concentration of DNA could be determined according to the absorbance values at 260.0 nm. 17 The positive-charged polymer, which has a molecular weight of 34 kD, included about 125 repeat units per molecule. Every polymer molecule could bind with ~105 DNA molecules, while the binding ratio between the repeat unit of the polymer and DNA was about 1.19:1.
In the linear range that we measured, the RLS signals were analyzed by the S-V equation;
where I and I0 are the RLS signals in the presence and absence of DNA, CDNA is the concentration of DNA base pairs, and K is the binding constant between the polymer and the DNA base pair in our experiment, as shown in Fig. 8 . The binding constant was 3.54 ¥ 10 6 L mol -1 according to a calculation.
Conclusion
At pH 7.0, the positive-charged polymer could react with ct-DNA through an electrostatic interaction, forming large particles, which resulted in an obvious RLS signal enhancement at 344.8 nm. Compared to other methods using conjugated polymers, this method has the advantages of simplicity and commonality of reagents. It was promising that the polymer has extensive applications and a broad foreground. .
